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INTRODUCTION AND OVERVIEW

This is the fourth report of a series of semi-annual reports that describe

the technology areas being advanced under this contract and the progress
achieved to date.

The most significant technical event this period was the successful

completion of the Lewis spacecraft in 2 years (contract award date was June

1994). In August of 1996 we held a program-wide Technology Workshop which
covered all aspects of the Lewis payload. A copy of the Workshop proceedings
is attached.

Numerous papers and media articles featuring Lewis technologies were

published in the most recent 6 month period. Some of these are listed below:

1. Design News, September 9, 1996, "Big Science from a Small
Satellite."

2. Laser-Focus World, August 1996, "Hyperspectral Imager will view

many colors of Earth."

. SPIE Volume 2808, 1996, "EUV, X-Ray and Gamma Ray

Instrumentations for Astronomy VII, "The Diffuse EUV Spectrometer
UCB."

4. 20th International Symposium on Space Technology and Science,

GIFU, Japan, May 19-25, 1996, SSTI-Lewis Spacecraft Program.

5. IEEE: Proceedings, "Hyperspectral Imaging Payload for the NASA

Small Satellite Technology Initiative Program," 1996.

° SSTI-Lewis Better, Faster and Cheaper Guidance, Navigation and

Control Subsystem. AIAA/USU Small Satellite Conference 1996,

Utah State University.

7. SPIE Symposium, September 1996, "Lewis Hyperspectral Imager

Payload Development.





Significant progress was made in demonstrating new technologies in
spacecraft dynamics testing. In this period we completed Lewis spacecraft
vibration, pyroshock and "tap" testing. In the process of readying Lewis for
launch, we accomplished the following:

Graphite/viscoelastic damping tiles to eliminate launch load

and on-orbit jitter concerns on the payload instrument. Tile

technology will see immediate insertion on the EOS program to
alleviate launch vibro-acoustics concerns.

Graphite/VEM dampled hat section used as a retrofit to solve a
critical launch load vibration problem. We foresee this being an
effective tool when one wants to simultaneously add significant

stiffness and damping to a structure.

A new vibroacoustic analysis methodology using the full

spacecraft Nastran model was pioneered on SSTI. The method was

proven and is now being employed on EOS and other programs.

Automated response limited vibration testing was employed
for the first time to provide realistic test levels to the main optical

payload (HSI) without causing damage due to over-test. We

anticipate this technique will be used on most upcoming NASA

programs.

O" Test-tuning dynamic models using local tap test data and a

portable analyzer. We demonstrated the ability to measure
frequencies and damping on major portions of a spacecraft in one

and a half days, including setup. Previous modal-survey techniques

would have taken far longer. The test-verified frequencies and

damping reduce the uncertainty inherent in load cycle results.

Test methodologies for adaptive vibration controllers on

structures. The lessons learned are having an impact on all our future

cryocooler products.

The spacecraft completed many major test milestones during this period

including:

• Thermal Vacuum and Thermal Cycling (4 cycles).

• 3-Axis Random Vibration.

• Pyro-Shock testing with live ordnance.

• 4 complete integrated system tests.





• Completion of Hyperspectral Imager Thermal Vacuum and Vibration

tests and delivery to System I&T.

The spacecraft was placed in storage in mid-June 1996 and is now

undergoing final integrated system testing in preparation for final build and
shipment to VAFB for launch.
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Figure 4. Landsat-4 Data Figure 5. Solar X-ray Data

SWAS
5.0x 104 !

,ox,o, 2.0x104 _

0 5O0 1000 15OO

(o). A typlcol spectrol troce

4.0x 104 _

3.8xlo 4 [-

3"6x104 _ 1

&4xl°4[ _- "_ -t
3.2x104p _._q

3.o 1o4I
1100 1120 1140 1160 1180 1200

(b). Two troces exponded

Figure 6. AOS Data Figure 7. MRI Data

O
O_

4-

1 xlO 4'

-1 xl_

0 2x10 4 4x10 4 6x10 4

Figure 8. Seismic Trace



I.

E

0

I.
°_

<(

o

I

/

/

oO r,.iD _ _ C)

oc5 c5 oo

I_x!d .J_d s_!q

_o

0

_:!Ji_i_; __II_]:_I!_': ..... ....... _i 'k'+::_.:.,

......... ;::.... .i6_.<..>:

E

" ...'F:'_._.-_ "_:_

_._'.._V]<.._%
_,,_,_!_+
_::!',6_._" _'::s: _;

:'_::. :i:-_:;':-'):_iii?"_:



E

I--

Z

1,1

0

I,-

3:

(3

.,J

111

{J

el.

n-

,(

0

v ¸

_M



m
nnh
nnb

0 CO 0 CO

I _ _ _

C
O

E

r_ Cl ..o

m o.C:

e-

e_

,0

mm

m

I

m

O
e_

a.

n
i

om

I

O
O

wm

O
ffl

r-
o

"o
L_

O

e-
e-

o_

t'-

N
C

rn

"I-

E
<_

rr

o.

_0

"r
X

¢-
-s
o

0

._

"o

o
co

cb
o
o

N
(D
C_

rn

e,-
o
I'--

E
°_

X
LLI

"o
ILl 0_1 ,-

CO 0
_0

rr

00 rr
1.1.
._ rr ._o

_ o

"1:3 _- o

O '_ a..

o
o

_5
cO

E

E

B

O

e-
O

O

O

m

O

_5
o

_.J

O

I-

E

x
UJ

O

• • • • •



©

Q

Z



Cr_



O
Ct_







1

r_
L_



_.:..:..... .....:..:.



.... .... .... ........ .-..



0



Lr_



0

0
m_m_m

rn

mm_

rr

_,,--
_,_

0

m_m

...,



W

0

I-- o
Z_

oo " o=

o

I

t-



o

Z

n
rr

0
O0

0
O.

I

e-
.__

g

_ ___r



E

E
llmm

C
llm

L.

t_
mmmm

0

r,..
r,..
o')
,ira,

4,.i

::3
L--

U
(I)
O.

IX:
(_

U

(I)

Im

U..

o
,I,B

C_
,IB

_ i._

_E
mmm•i-, U



IJJ

"3

.-,i

III II II I-I" IIIII IIII II I IIII II I III IIII_

_c

o _-

Q
Q
0
T"

Q

C_
r'r

CO

0

I

0')



ILl

I:L

0

0

[21
rr
ffl

Z
CO
n"
D-

I

g
I-

CO

t_
"T



_, "0
o zE

_= '¢="_I_

m

C

0o
(I) e-

0 0 0 0 0

n-o
e_

<x
_,,,

0 0 0 0 0 0

_= _

0
_D

C_

I

t)

(D



(o
O_

n-

o')

I

(_)



I-
Ll.

fr"
O
ILl
0

0
E
r7

0

C_
c-

°_

0

rr"

co

r"
.._ c-
oO

_.__

°u

C

0

.E

m

0

0

C_O

_E
rr

5o

1:_. __



_.=_

L} I.I.I

f

II II ;:

X

/ _
(I) L..,,,L,,.... L..... L....., I...... L.,,, L.,,, I......

(_rn

L,,,,, L.,,,, L,,,,, L,,,,,,L,,,,,,L,.,,,,L,,.,, L,..,,

Q Q O Q Q Q Q 0 Q
_ _ '_ ,Ip== _ _ _ ,I==.

v

(3

L...... L,,,,,,L......L,,,,t ...... i.....,i.,,,,,i.,,,,,

,T===

%

_v

Q
,i.-.

'5".

.if==

%

L,,,,, I..,,. L,,,,,,I..,,, L.,,,,,i..,.,, L.,,,,,i.,,,,, '
0

O) cO I'.,- ¢0 14") _ tO 04 _r" ,r-
4_ Q 0 0 0 Q Q _ _

.J _
v



O4
OJ



f-

LU

m

n-

z_.

I-'" (_(/)

_ _, =.,-, <=

a 13 _ au)
I

Z >. _: ,,;

Q O

0 0
Z

£)
0
&n



I11 01

Z
0
m

.,1
0
Z
0
0

>.

Z
m

iml

..I
I11

Z
,<
,..I

(/)

I--
.<
!-

>.

<
=E

(/)









o

,>,,
¢

L_ _ _



I



0

b

O4

L_
::3





ILl
I--

::)
(/)

:S

E
:I
('3

(_ X X

E

,z X X X

m.
_ x

•-: X X X

<

Ol

- X X

X X X

2:

_) _ X X X

V)
mmm

.J

2:
Z

(I)
"I"

d
m Z _) I_ _D

i-

(#) "r.
0

< _. "_

• _,._ g e_'_
0 em

< >,

e- = "o

Eo emt_ ,w

<

X

,<

X

X

X

_o,,9

,q.

0
°_

.12

'I0

4)
.m-*
C

4)

E

.<

01
01

0

o__ _

OJ

u_



mmm

m

#-
mm

0
0

0

mmm

d X

X X

d X X
..m

X

X X

X X X X X

_ X X X X X X X X

m

m

mmm



U)
m

X

,¢
(0
,j-,





2

_m (.1

_ (n u) ,- ..._

_<_z o_ • a_> _
<: • , • • ,< • • • •
I- ..j
(n I:1.

(D



a_

|mm

!..

Q.
X

W

..m X

O_LU
c_n

C_v

am

"0

C_

"0

_2.
0

(n

!-_

0

|mm

I-=

0_

(n

A

rnrn_

r_



<

.o



c_
cr_j
u_



0

It')



08/01/96 THU 15:45 FAX 818 393 5007 JPL SECTION 341,344,345 _002

O
O
O
¢U

¢,O
m

I--

w

I,M
.,I

O
b

C
Q
E

m
L.

G,}

X
U.!

e-

¢..
{D
>

"O

I11
O.
,,¢

,--E
Bm

(D ¢0

Q_ O
m

< cn

.,_ ¢.f)
LLI
£1.,_

04 C'4

¢.O U')
CO:

Z

U_



08/01/96 THU 15:47 FAX 818 393 5007 JPL SECTION 341,344,345 _003

_.j __ l i -

I



©



oi,,_

° _p,--I 0

._.9. ,'_

_ __-_ o__ _-

Z
0,._

©
>
©

©



°_

©
c_

o ©

00

°_

0

0 _

.,. 0 _1

0000



¢1D



0 0 0 0



0 t I I

0

00



,.0 ¢_

O_



0 0

0

u4



0

0

r.T..1
l=

r,,,)

m
lUl
ii,

]
i !, i _

II

r.l
lb.

U
qU

a_

I=
O

"0 =

r._ _= -:.--

LO



© e.-

o

0

C.)
C3

6

¢-.

0

o
o

013

-I-

e'--

II

o I

T
o

q------ o _
133

J

-- m

e-

4- "-- I

< -- ii

0

-_

0

_ -
• . _ _

0 =

O_



f%

©

°_,,_

_J

E



©

©

II0

rf_

rj
rf_



0



©

0



0

r_

L_



0 0



0 0 0



Z

Z
.<

.<

<
Z

t'. o

i



"°°



C_
c_

I







0

£









o_

o _ _ ._



m

Z

z

0

Z _

0_

ON
Qmlml

O



n

emm

m

ee

s=
mmmm

L_
m

I I I I

0

&,,

S=
0

em

S=
C_

C_

mmm

'T-.

r,,.



omm

Omm

mm

omm

m

m
_V

mm

oml

C_
m

C_J

I t I I

c_
_m

L_

"0

C_

C_

L_



emil

q) ml
m
em

A
v
!

I

qlm

_ =,..
imii

.m_..

L_
L_J

0

I

m

m

=11°

II

m

m

S=

0
m

I=

m

I

L_



I

S:
O_ E

mm

m

L;



on

A

*==0
===0

Z
on

--=

_n

ohm

0
m

0
m

=_

Z
on

nmmm_

om

u

m

om

=_

m

m
m

o_n Qm

nBu# em

Z
onu

om

--=
m

om



<

0

i I I

_D



em

em

mC._

o_

8

Z
0

e_

m

m

_E_

m m

em

m

m

m

E_

,.='_
m

em

Co



I I I i I

-._f



Ul
huh
,,In

....,

e"-'

e"

t=
m

n,,_.

li

I

E
0i

O
am

I,,I,,I

I

nun

'1"

an

anau

O
O

• •

!

0
O

O
E

E
m

m

,-r-

• •

!

0
0

• •

0
0

O

0

• •

c""

c'-'-

O

i

OR

1=
u

O

nil

,_.1

0
0

• •

E

o_

°_

O

o_

O

• •

0

O

"-,s

E
O

C,g'D

O

o_

E

O

O
,i

u



0

0
LI.

C_





I'





i||ll|l||ml||||l|||DDlm|||||i|!

on





0

LL

\

OD





£:D
'T'--





C,I



0



I.U

I_ !.1.1

!,_
m

I-

ud



V



-0 N



C_



GO

"7,
CD



mm

m

0
0
0
O

L..

(3
(/)

W

m

._ 0

Q.

0
.._ ¢-

q



• • • •

0



<

<

<

Z

<

Z
©

.<

.<

Z

.<

.<

=1.

t_

0O

.<
ra_

G
°_-,q

(D

©

©

ra_

©

0

o

0

.__

I

I

I

r_

r_



©

Z



©

vvl

iii

rr=

!==

I.!.

ILl

M

/
/
/

I/v\l
/\

I I/ \\
o _ lJj \\I

_"' I\ ,,_-J
O_
" I.I 1!\

in\ t1\
I!\ i1\

I1\ I_\
t n

1 \I I
I V I
I A I
I I\ ,

I

\
\

I I

\
\
\

C=

CXl



.,<
t_

Z
©

Z
©

Z

r_

G



©

Z

_m

°_

m

©
E

<
n_

o

_m

o

0

0

0

0
°_

o_

_D

0
cO

d
b_

6

,_,ml

0

r,..)

0

E

c'4

, _l,wl

,-.1

6

_D

©

H
©

_>

m

0

0

r._
0

E
0

0

0

<

J

I.

E
E--
6

©
E

0

0
0

o

©

r_

0

o
o

0

<
J
t_

©

r_

0

0

[-.

CO

©
°_,_

q)

I

©
Z

©

<

©

<

r_

_b



r._

.<

r_

©

r./']
<:

oo

c4 o o

0

0 _. u_ _.
:_ o _ o

_ I ,..4

• °

L.

t._ ¢¢

lu

o ,...1

o o N 0

.-5
L-

.0

C9

-u'_.

Eo

°_

0

0

_a_ [..._ -"

2

,._ 0 _

_ =

0

°_ _

[-- _ _
,.--, t",l

r_

_b



t

b_

_b



c,q

_q

°_

0m_. _ _ ×
0 E._

_ _ o° e ._

r_o_ _ >_

• "0 0
0 _ _ 0

0



i

r_

<

• i

• i

0

i

0

0

rn

im

r.O
Ob
O_

C_



0





I

1_

._o

0
I II

II

I_. t-t
0

I

>..
.(.9<z_
_z___

i

m m m D m _ n m

-_Zo

F-z
"o_
0 _- ,,,

_z_
8

IV

_8 I i 8
,,, --_1_'- ._-'_1"--0 , ,,,

_'_ I r-_Z I Z_

0

_b



9

E

O3

0

E
_)

CO



O3



ff 8
m

m

iiim
m
ii

.,Q

O

"O

I,,,,,,_

E _ .-

co > EE_5 I::3_ _-

x ou3
E e4 >
0 .2.1 cU

04
<5 _ co
,-- 133 0

09
E
o0
E
0

•i-- 0

c5 V

r,,.
ob

I

rr

1.- or}

O0

rn
0

I'_ (3") rn
A A }--

1.1.1

,.6



m

.0

t-

O

Q; r-

Q_
CO



b..
c_

_b



to appear in

The Diffuse EUV Spectrometer "UCB"

Jerry Edelstein and Stuart Bowyer

EUV, X-Ray and Gamma Ray lnstrumentatzon ]or Astronomy VII

SPIE vol. 2808 O. Siegmund, ed., 1996.

6-38



The diffuse EUV spectrometer "UCB"

Jerry Edelstein and Stuart Bowyer

Space Sciences Laboratory, University of California,
Berkeley, CA 94720-7450

ABSTRACT

An extreme ultra-violet diffuse spectrograph known as the Ultraviolet Cosmic Background spectrometer is

scheduled for a 1996 launch on the NASA SSTI mission Lewis. UCB is one of three prime science instruments
aboard the Lewis spacecraft and is scheduled to conduct observations for 3 to 5 years. The spectrograph will obtain

spectra of diffuse 550 to 1100 /_ radiation with a sensitivity improvement of an order of magnitude or more in
comparison with previous work. UCB incorporates new technology such as a special diffraction grating, an anti-
coincidence guarded micro-channel plate detector system, low-radioactivity ultra low-noise micro-channel plates, and
a chemical treatment for enhancing detector efficiency. The observations will contribute important new information

about the Galaxy's local interstellar medium and about speculative scenarios regarding exotic nuclear particles in

dark matter. We describe the instrumentation and the UCB science mission.

Keywords: Diffuse EUV spectrometer, low-noise micro-channel plate detector, space-flight instrumentation, EUV

optics.

1. INTRODUCTION

The EUV diffuse background (100 to 1000 _t) is the most poorly known of any of the diffuse astronomical

backgrounds. A wide variety of sources have been proposed to radiate in this bandpass. One source which is
certainly producing flux in this band is the hot interstellar medium that pervades our Galaxy. The actual lines
observed from a hot ISM will be strongly dependent upon the temperature and thermal history of this material 1.

The detection of just a few emission lines from this source will add tremendously to our knowledge of this poorly
understood material. A second source mechanism which is known to radiate in this band is the inflowing interstellar
medium which is resonantly excited by solar radiation 2. A third, speculative possible contributor to the cosmic

EUV background is emission from neutrinos in our Galaxy undergoing radiative decay 3. Another source of EUV
line emission is atmospheric airglow 24. The study of airglow emission will elucidate processes occurring in the upper

atmosphere and magnetosphere.

Only upper limits to diffuse EUV background flux exist. These upper limits are one to two orders of magnitude

larger than expected sources of cosmic flux. Initial investigations of the diffuse EUV astronomical background were
carried out with broad-band detectors on rockets and short duration orbital flights 4' 5, 6. More recent efforts which

have provided broad band upper limits to the cosmic EUV ttux include the Aiezis Satellite 7 and the EUVE Satellite s.
A number of spectroscopic measurements have provided weak upper limits with crude resolution of ~ 30 A 9 and

15 It ]°. More recent spectroscopic observations have yielded astronomically interesting limits, such as EUVE 11

and a sounding rocket instrument 12. Marginal detections of 1035 _ background have been claimed using HUT 13

while the DXS instrument TM has yielded tentative, yet confusing detections.

2. THE UCB INSTRUMENT

We have developed a novel, compact instrument know as the Ultraviolet Cosmic Background spectrometer (here-

after referred to as UCB) to measure the diffuse EUV background with unprecedented sensitivity. Our instrument
performance goals are a bandpass coverage from 600 to 1050 A with <_ 5 Jk spectral resolution; 3a sensitivity to
diffuse line emission of no more than 2000 photons/sec/cm2/sr (or line units, LU), with a goal of 200 LU after 100

hours of observations; and simultaneous field imaging with < 5 arcmin resolution. We studied a number of possible

designs and established several new methods and techniques to achieve these goals, including a unique fast optical
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design optimized for diffuse spectroscopy: an extremely low-noise Micro-Channel Plate (MCP) photon detector and

an anti-coincidence system.

The UCB instrument is one of the three prime payloads aboard the Lewis mission, a NASA SSTI (Small

Spacecraft Technology Initiative) satellite produced by TRW. A primary goal of the SSTI program is to develop

advanced technologies for small spacecraft design and methodology to greatly reduce the cost of space missions using

a fast-track schedule and a minimum of oversight. The all-composite 850 lb. spacecraft is scheduled for launch on

the Lockheed-Martin LMLV in late 1996. The mission operational lifetime is 3 years with a 5 year goal. Lewis is

three-axis stabilized with 15 arcsecond knowledge. The UCB 8.4 ° x 25.6 o field of view will be oriented toward the

anti-sun direction and scan the entire ecliptic plane every 12 months. Periodic calibration and special inertial target

pointings will be conducted. Observations will be integrated over long periods, from 100 to 1000 hours, depending

on the science objectives.

2.1. OPTICAL DESIGN

We have designed a new grating spectrometer specially optimized for diffuse radiation by examining potential

combinations of grating surface and ruling parameters. We developed a general expression describing the optical

path for mono-chromatic radiation incident upon an arbitrary polynomial surface, using variable space diffraction

rulings, and then converging to a single point on the detector. We chose plane-cylindrical radiation emanating from a

slit aperture as a source because it well describes a diffuse radiation field. The optical concept is schematically shown

in Fig. 1. In contrast, a spherical radiation source emanating from a point on a slit better describes the illumination

from an object at infinity focussed by a collecting optic. Following Fermat's Principle, we minimized the variation

of the path function over the grating's aperture and found solutions which eliminated aberrations to fourth order for

on-axis illumination. Constant line spacing and rotationally symmetric grating surfaces were then imposed on our

solution to simplify the ruling and figuring process. An elliptical surface of rotation, a readily manufacturable and

testable optic, was found to provide a solution with corrections to the third order.

We established a number of design requirements in order to achieve a sensitive EUV imaging spectrograph

that would fit a compact volume suitable for small space-missions: use of a single, reflective optic for maximum

throughput; a fast optical system (< f/4); a 15-20 cm focal length; an optics size of < 10 cm; and an active detector

size of < 2.5 cm. We chose to restrict our design to normal-incidence optics for low cost and for the small envelope

of a folded optical path. The design constraints were combined with our elliptical substrate solution to construct

a candidate design which was then numerically ray-traced over a range of illumination angles and wavelengths to

verify the optical performance. We examined and optimized the performance as a function of f-number, slit height

and detector location. In Table 1, we summarize the key optical parameters of the design. We found that our design

performed well and retained at least 75% of its resolution performance to 4* off axis. Moreover, spatial resolution

better than 0.1' was achieved along the sky in the direction along the spectrograph slit, which permits radiation

from bright stars to be identified and removed.

Our new optics scheme yields a single-optic imaging spectrograph that is very well suited for diffuse observations.

The design, while using a simple optical figure and ruling, is fully correctable to third-order regardless of optical speed.

A tall slit, and consequently large collecting area, can be used because the design is based upon cylindrical-source

illumination. Large imaging fields, and consequently large grasp, can be achieved because focusing radiation in the

off-axis direction requires less curvature in comparison to point-source illumination optical schemes. In contrast to

our design, conventional single-optic Rowland spectrographs 15 designed for point-source illumination, and even its

toroidal derivatives 15 provide poor imaging at moderate off plane angles. The conventional single-optic Wadsworth

design is provides good imaging for point sources but has limited solid angle due to spectral resolution constraints

placed upon its in-plane angle of acceptance. (Single-optic Wadsworth designs also require a mechanical collimator.)

The single-optic, toroidal Rowland-Wadsworth hybrid of Cotton, et al.16 is similar to our design, but is not exactly

and specifically corrected for cylindrical-source illumination and is expected to show larger aberrations than our fully

corrected design for very fast optical systems such as the f/2.2 UCB.
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2.2. SPECTROGRAPH DESCRIPTION

Our very-low signal sensitivity goals require precise and accurate subtraction of background noise. Consequently,

we have incorporated a number of special and unique features in the spectrograph to maximize signal, minimize noise,
and allow for accurate counting rate measurements. The completed spectrograph system, entirely fabricated by our

group at Space Sciences Lab, U.C. Berkeley, is shown in mechanical layout in Figure 2. Light enters the spectrograph
via an entrace baffle, filter wheel and slit assembly and then encounters baffles, the diffraction grating, more baffles,

and an open-faced micro-channel plate detector.

Great care has been taken to reject low energy charged particles, abundant at orbital altitudes, which can create

a significant background noise source. The entrance baffle assembly uses optical baffles, a permanent magnet and

low-voltage electric field to divert extraneous light and charged particles away from the slit entrance to the optics
chamber. The slit, baffles and grid near the detector face are polarized at selectable low voltages to further reject
ions. Besides the slit and a baffled evacuation port, the optics chamber is hermetically sealed. The chamber can be

placed at high vacuum for ground testing or optics storage by using an internal flap-valve and an external pump.

To allow for accurate background characterization and subtraction a rotating filter-wheel mechanism, driven by

redundant stepping-motors, gates the 0.15 x 60 mm slit. The slit wheel rotation timing is carefully coordinated with

data acquisition to allow for accurate count rate determination. The filter-wheel has four operational positions: 1)

Closed, 2) Open, 3) MgF_ crystal, and 4) 1000 /1, thick Aluminum film. Data are taken at all four positions, at
selectable time intervals, in order to detect (respectively) 1) detector background noise, 2) low-energy EUV radiation

signal, 3) internally scattered 1216 _. airglow radiation noise, 4) high-energy EUV radiation signal.

The diffraction grating substrate, following our elliptical prescription for a cylindrical-source spectrograph, was
made of stress-relieved aluminum overcoated with electroless nickel. The diffraction grating was holographically

recorded with a special resist technique to eliminate the interference of substrate back-reflection. The grating was

coated with silicon carbide by the Optical Thin Film Laboratory at GSFC. The grating was mounted at three points

using spherical bearings and a threaded rod system which could be coupled to precision stepping motors for alignment

and then locked for flight. The grating adjusters preserved the high-vacuum hermeticity of the optics chamber.

At EUV wavelengths a prime contributor to the noise is background in the detector s. This background consists
of two components (a) an internal background due to the radioactive decay of potassium in the microchannel plates,

and (b) a charged cosmic ray particle background. To reduce internal radioactive noise, a major innovation used

on this mission is a lightweight braised ceramic-metal MCP photon counting detector with special low-internal

background, low-radioactivity MCP's supplied by Galileo Corp. To reduce the cosmic ray background, the detector
is surrounded with a charged particle anticoincidence system. Two photomultiplier tube (PMT) assemblies detect

scintillator flashes induced by high-energy particle events and flag photons for rejection. To our knowledge UCB will

contain the first space-flight of low-radioactivity MCP's and the first implementation of anti-coincidence rejection to
achieve an ultra low-noise MCP detector.

We used a new technique l_r to enhance the MCP detector's sensitivity at EUV wavelengths. The conventional

method for sensitivity enhancement in the EUV is to coat the MCP surface with an alkali halide photo-emissive

material 18. The performance of these materials is known to degrade upon exposure to moist laboratory air. This

imposes costly handling procedures for open faced MCP detectors that cannot afford the weight or complexity

of flight-deployable vacuum door mechanisms. We developed and life tested a chemical treatment technique that
provided enhanced EUV detective quantum efficiency which is not moisture sensitive. Furthermore, unlike most

alkali-halide photo-cathodes used for the EUV, our technique did not significantly increase the quantum efficiency
for 1216/_ radiation. This is important because 1216 _ radiation is a potential internal noise source due to grating

scattering of geocoronal radiation.

Spectrograph electronics support the detector function: Three high-gain, ultra low-noise charge sensitive ampli-
fiers receive the microchaunel plate signals via a wedge and strip encoding anode 19 and provide shaped pulse signals

to the downstream analog-to-digital conversion system. These charge amplifiers are especially designed to be free
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Fig. 2. Mechanical layout of the UCB spectrometer.
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of overload saturation artifacts from cosmic-ray events. The amplifiers also contain arm/fire circuits to send a large

capacitor's low-voltage pulse to the detector for electrostatic ejection of particulate contamination on the anode An

_mportant part of the detector electronics is an electronic pulse calibration system. Each second, a trio of charge

pulses is generated by an on-board quartz-crystal controlled oscillator. The amplitudes of these pulses are controlled

by a digitally switched attenuator to produce accurate charge signals for the detector electrodes; these charge ampli-

i.ude ratios have been chosen to encode positions in the extreme corners of the field of view of each detector. In this

way, the stability of the entire detector electronics can be monitored through instrument development, calibration,

test, integration, and during the mission.

The UCB instrument is operated by way of an Electronics Box contains removable circuit boards restrained

with locking rail structural clamps that also serve as thermal dissipation paths to the chassis. An ADC circuit

board converts sensor pulses into digital science information. Automatic circuitry exists to prevent sensor damage

from 'count-rate overload' due to excessive light or charged particle levels, or from sensor anomaly. The digital

flight electronics system is centered in a high capability digital signal processor (DSP) with associated ROM, RAM,

control logic, and communications chips_ The architecture adopted is based on the flight proven ATT DSP32C

microprocessor. Although this chip family is radiation tolerant, specific provisions have been taken to protect its

survival in case of latchup triggered by a high energy cosmic ray event. There principal function of the DSP is a

photon formatting task that takes random photoevents in their wedge-strip format and optionally converts them into

event (x,y) coordinates using full 32-bit arithmetic in order to avoid introducing computational artifacts into the

accumulated images. Each event is flagged with anticoincidence shield status and pulse-amplitude information, and

folded into a data stream coordinated with filter position and timing events and information. The DSP executes data

communications tasks concurrently with the photon formatting. Data are transferred to and from the spacecraft bus

in a high-speed block format. During orbital operations the DSP is continuously available to receive a command

block, or to dispatch a data block to the on-board data storage system.

3. PERFORMANCE

The performance of the UCB Spectrometer and its components were measured in the EUV calibration facilities

at the Space Sciences Lab. The filters' transmission were measured and the grating and detector efficiency measured.

The entire spectrometer system was also tested for end-to-end throughput. The detector pulse-height response,
flat-field response and noise was measured. The low-noise detector background was found to be 0.01 counts/sec/cm 2

at a pressure of 10 -s torr, a factor of 5 lower than the best MCP's flow by our group in the past twenty-five years.

Spectral resolution performance, imaging properties and field-of-view were measured on the full instrument using

pencil-beams stepped over input angle and position.

We have incorporated the calibration measurements into a calculation of the ultimate sensitivity of the UCB

spectrometer to an EUV emission line. In Fig. 3 we compare the calculated sensitivity for the UCB spectrometer

for 100 hrs and 1000 hrs of observing time with the best upper limits available in the instrument bandpass. Two

distinct models of interstellar line emission are also shown. One modei assumes collisionai ionization equilibrium,

using the emissivities of Monsignori-Fossi & Landini 2° and the emission measure from Bowyer et al. 21. The other

model is the delayed recombination model of Breitschwerdt & Schmutzler 1' 22 whose intensity fits the 0.25 keV soft

X-ray background at high galactic latitudes and for which we have assumed attenuation due to the ISM in local

cloud of 5 x 10 iv 23. The line from decaying neutrinos is from Sciama 3, and the airglow lines are from Chakrabarti

et al. 24

In Table 2, we summarize the resolution of instruments which have been, or will soon be used to study the

character of the diffuse EUV and soft X-ray background. The UCB instrument has substantial capabilities both in

absolute terms and in comparison with these other instruments and, together with the long mission life of Lewis,

promises to significantly increase our understanding of the Galaxy.
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Bandpass:
Field of view:

Filters:
Slit:

Grating:

Grating Substrate:
Grating Figure:

Grating overcoating:
Detector:

Detector photocathode:
Detector encoding:

Spectrograph Size:

Spectrograph Weight:

Table 1. Key Instrument Parameters
500-1100

26* x 8*

None, Opaque, 1000 }t Al, MgF2
0.15 x 60 mm

8 cm diameter

18 cm focal length
holographically ruled 2460 lines mm-1
Electroless nickel on aluminum

Ellipse of rotation

Semi-major axis 242.87 mm, parallel to ruling
Semi-minor axes 176.17 mm

silicon carbide

Galileo low-noise MCP, 80:1 L/D, 10 #m pores

with anti-coincidence guard
chemical treatment

Wedge and strip
40x40x 13cm

10 kg

Table 2. Diffuse Galactic ISM Experiments
Bandpass Resolution (E/AE)

EUVE 11 190-250 ]t 10
EUVE 400-460 ]_ 10

Los Alamos 7 130-190/_ 10

Wisconsin 2s 40-80 A 20

Penn State 26 10-50 ._ 40-60

This experiment 550-1050/_ 100-200
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Fig. 3. Existingupper limitsto the diffuseEUV cosmic background. LBare the 15 )_resolutionlimitsofLabov and

Bowyer. EB arethe 30 _ resolutionlimitsderivedby Edelsteinand Bowyer from Voyager data. The curved,horizontal

linesare the 3ormeasurement fluxlimitsprovided by I00 (thickline)and 1000 hrs (thinline)ofobservationwith the

UCB spectrometer.The dashed curves correspond to use ofthe aluminum filterwhile the solidcurve shows similar

limitswith no filter.The solidverticallinesare the expected ISM emission from a steady-statecollisionallyionized

plasma. The heavy dashed verticallinesare the intensitiesfrom the delayedrecombination model of Breitschwerdt
and Schmutzler.The finedotted verticallinesare expected airglowlines.The cross-hatchedregionshows the range

of the emissionpredictedby Sciama fora haloof radiativelydecaying neutrinos.
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